A model of selective synapse formation in sympathetic ganglia.
In the sympathetic system, neurons from several spinal segments are mapped onto targets in the periphery in a topographically ordered way by means of selective synaptic connections in the superior cervical ganglion. Experimental evidence points to a crucial role for chemoaffinity in establishing this topographic map. Furthermore, rearrangements of synapses after surgical manipulations indicate that this chemoaffinity is not based on rigid "key-and-lock" markers. Our model is used to study how such nonrigid markers may interact with other regulatory factors, including growth-regulating signals and the growth potential of individual neurons. In the model, these latter factors are limiting, so that an increasing number of synaptic contacts decreases the likelihood of further synapse formation. These factors are combined with chemoaffinity using a linear threshold model. The model is robust to parameter changes and reproduces experimental observations with reasonable detail. Simulation results are used to discuss characteristic experimental results, such as the substantial plasticity of the connections seen after partial denervation. A surprisingly small effect of transient hyperinnervation in the model may help explain why final connectivities are similar in two real situations with high and low degrees of transient hyperinnervation (development and adult reinnervation). It is shown that spatial restrictions on post-synaptic neurons (dendrites) may contribute significantly to the segmentally broad innervation of each ganglion cell. Finally, we discuss potential effects of presynaptic neuronal death in systems with a high degree of plasticity.